Background: Patients undergoing video-assisted thoracoscopic surgery (VATS) are particularly vulnerable to opioid-induced sedation and hypoventilation. Accordingly, reducing opioid consumption in these patients is a primary goal of multimodal analgesic regimens. Although administration of preoperative gabapentin and acetaminophen has been shown to decrease postoperative opioid consumption in other surgeries, this approach has not been studied in VATS lobectomy. Our objective was to examine the impact of the addition of preoperative gabapentin and acetaminophen to a VATS lobectomy multimodal analgesic plan on postoperative opioid consumption, nausea/vomiting, and sedation.
Introduction
Successful management of acute postoperative pain in thoracic surgery is a critical element of the care pathway as it reduces overall morbidity and mortality, particularly that related to pulmonary and cardiac complications [1] . However, pain management following thoracic surgery, including video assisted thoracoscopic surgery (VATS), continues to be challenging [1, 2] . These patients are highly susceptible to opioid-induced over sedation and respiratory depression due to their compromised health status and impaired respiratory function. Accordingly, opioid sparing techniques, such as multimodal analgesia, are advocated [1, 3, 4] . Consensus guidelines issued jointly by the American Pain Society, American Society of Regional Anesthesia, and American Society of Anesthesiologists recommend multimodal analgesia and, specifically for thoracic surgery, suggest NSAIDs, acetaminophen, gabapentin, DOI: http://dx.doi.org/10.21454/rjaic.7518.251.gab
Methods
With IRB approval, we performed a retrospective chart review of patients who underwent VATS lobectomy at a single tertiary center between 2015 and 2016. Patients who received both gabapentin and acetaminophen or neither drug preoperatively were included in the study. Patients who underwent VATS for any other procedures, had chronic pain or received a thoracic epidural were excluded. Data collected included demographic information, ASA physical classification, past medical history, body mass index, and duration of surgery.
The total dose of intraoperative opioids was recorded and converted to oral morphine equivalents (OMEQs) using standard equianalgesic conversion tables [11] [12] [13] [14] . Postoperative opioid consumption for the first 24 hours after surgery was also collected and converted to OMEQs. Intraoperative and postoperative non-steroidal anti-inflammatory drug (NSAID) usage was recorded as was intraoperative ketamine administration. As part of our standard practice, all patients received ON-Q® PainBuster® (Halyard Health, Inc., Alpharetta, GA) paravertebral catheters on the surgical side, continuously infusing bupivacaine 0.5% at 4 ml/hr.
Postoperative antiemetic usage in the first 24 hour period was also collected to assess the incidence of nausea and vomiting. Postoperative sedation was evaluated as part of the Aldrete score collected at the time of arrival in the post anesthesia care unit (PACU).
Statistical analysis
Patient demographics and case characteristics were summarized among those who received both gabapentin and acetaminophen and among those who received neither. Continuous variables were summarized as means with standard deviations or medians with and/or pregabalin [5] as therapeutic agents to reduce opioid consumption.
In non-thoracic surgeries, such as gynecological surgery, gabapentin and acetaminophen administered preoperatively have shown benefit in reducing opioid consumption [6] [7] [8] [9] [10] . However, there are no studies to evaluate the impact on postoperative opioid consumption of these medications as part of a multimodal analgesic regimen in patients undergoing VATS procedures. We conducted a retrospective study comparing perioperative opioid consumption in patients undergoing VATS lobectomies who received preoperative gabapentin and acetaminophen (intervention group) versus patients who received neither (control group) as part of a multimodal analgesic program. Additionally, postoperative antiemetic requirement and postoperative sedation scores were compared between the two groups.
interquartile ranges, while categorical variables were presented as frequencies with proportions. Statistical comparisons between the two groups were performed using t-tests or Wilcoxon rank sum tests for continuous variables and Chi-square or Fisher's exact tests for categorical variables. Tests were two-sided with a p < 0.05 considered statistically significant. All analysis was conducted using the SAS version 9.4 (SAS Institute, Cary, NC).
Results
A total of 133 patients met the inclusion criteria: 31 from the intervention group and 102 from the control group. In the intervention group, patients received thirty minutes preoperatively a single oral dose of gabapentin (2 patients 300 mg, 1 patient 400 mg and 28 patients 600 mg) and acetaminophen (975 mg). Table 1 shows the demographic information, patient past medical history, and surgical duration. The differences between the two groups were not statistically significant.
Intraoperative medication administration was compared between the intervention group versus the control group in Table 2 . Although the mean intraoperative opioid consumption in OMEQs was significantly lower in the intervention group (105.85 mg versus 125.16 mg, p = 0.049), the median difference in intraoperative opioid consumption was not statistically significant (100.0 mg versus 106.5 mg, p -0.22). A significantly larger percentage of patients received intraoperative NSAIDs in the intervention group (58.84% versus 30.39%, p = 0.013). The NSAID administration was performed at the end of the surgical procedure, before emergence. There was no statistically significant differences in the percentage of patients receiving intraoperative ketamine (20.59% versus 25.81%, p = 0.54). All patients received intraoperative ondansetron before emergence.
Medication administered postoperatively and Aldrete scores are shown in Table 3 . Again, there is a statistically significant decrease in mean postoperative opioid consumption in OMEQs in the first 24 hours following surgery in the intervention group (39.2 mg versus 59.03 mg, p = 0.027), with no statistically significant difference in median postoperative opioid consumption. Figure 1 shows the distribution of postoperative opioid consumption, with 0% of patients in the gabapentin and acetaminophen group requiring high dose opioids (more than 200 mg OMEQs) versus 4% of patients in the control group. The NSAID and antiemetic administration were not significantly different between the two groups in the first 24 hours postoperatively. The first reported PACU or intensive care unit Aldrete scores were also not significantly different between the two groups. 
Discussion
The present study reveals that VATS lobectomy patients who received an analgesic regimen including preoperative gabapentin and acetaminophen exhibited decreased intraoperative and postoperative mean opioid consumption. More importantly, in the intervention group a much smaller percentage of patients required large doses of opioids in the postoperative period, with no patient requiring more than 200 mg OMEQs in the first 24 hours after surgery (Figure 1 ). These findings support the preoperative oral administration of gabapentin and acetaminophen as part of a multimodal analgesic regimen.
Mechanisms involved in post-thoracic surgery pain are nociceptive and neuropathic in nature and contain both somatic and visceral afferents. The nociceptive somatic afferents are transmitted via the intercostal nerves and are related to rib retraction, muscle splitting, injury to the parietal pleura and chest tube insertion. The nociceptive visceral afferents are transmitted via the phrenic and vagus nerves and are activated by surgical trauma of the bronchi, visceral pleura and pericardium. Furthermore, various inflammatory mediators (prostaglandins, histamine) released as a result of surgery enhance the activity of nociceptors. Ultimately, nociceptive information results in the activation of the neurons in the posterior horn of the spine as well as the central N-methyl-D-aspartate (NMDA) receptors. The neuropathic pain in thoracic surgery is usually the result of injury to the intercostal nerves. It typically manifests as allodynia and hyperalgesia [15] . Additionally, patients undergoing thoracic surgery frequently experience pain to the ipsilateral shoulder. This "referred pain" is caused by the irritation of the visceral pleura from the chest tube and by the stapling of the bronchus.
Due to the multifactorial origin of pain in thoracic surgery, utilizing a combination of analgesic approaches targeting different pathways is a logical step in tackling post lung resection pain. Taking advantage of the additive or synergistic effects of drug combinations on controlling pain can most effectively achieve the goal of reducing both pain scores and opioid consumption [1, 5, 8] . Gabapentin is usually used to treat neuropathic pain and its mechanism of action involves binding to the α 2 δ-1 and α 2 δ-2 auxiliary subunits of calcium channels in the central nervous system. Preoperative administration of gabapentin has shown to be effective in the management of acute pain by blocking the development of hyperalgesia and reducing central sensitization [8, 9, 16] . Acetaminophen is a centrally acting analgesic and antipyretic. The mechanism of action is unknown but may involve the modulation of the endocannabinoid system in the brain. Acetaminophen's metabolite appears to inhibit the reuptake of the endogenous cannabinoid by neurons, making it more available to reduce pain [17] . NSAIDs inhibit the COX enzyme preventing inflammation and prostaglandin synthesis [1] . In thoracic surgery, NSAIDs are particularly useful in reducing opioid consumption and treating referred pain to the ipsilateral shoulder. Intravenous ketamine works on blocking pain at the central levels by inhibiting the NMDA receptors and thereby decreasing central sensitization. The most frequently employed intravenous therapy are intravenous opioids which act both peripherally and centrally on mu receptors.
In our study, the intervention group received preoperative gabapentin and acetaminophen, opioids and some patients also received NSAIDs and/or IV ketamine. The control group received IV opioids and some patients received NSAIDs and/or IV ketamine. Furthermore, as part of multimodal analgesia, all patients in both groups also received a continuous paravertebral block ON-Q® PainBuster® (Halyard Health, Inc., Alpharetta, GA) placed under direct vision by the surgeon. Continuous paravertebral analgesia has been shown to be as effective in reducing pain after lung resection surgery as that of thoracic epidurals. As the paravertebral space lacks opioid receptors, only infusion of local anesthetics is administered. The infusion of local anesthetic results in the blockage of both somatic and sympathetic afferents from dermatomes above and below the site of the paravertebral catheter.
In the present study, patients in the intervention group had a lower mean opioid consumption both during the intraoperative and postoperative period as compared to the control group. Since the NSAID therapy and the paravertebral catheter were initiated at the completion of surgery, we believe that the lower intraoperative mean opioid consumption is the result of administering preemptive analgesia consisting of gabapentin and acetaminophen. Overall, by targeting multiple pain mechanisms, we have demonstrated success in preventing both excruciating postoperative pain and reducing opioid consumption.
High doses of opioids can result in respiratory depression and opioid-induced sedation which manifest as atelectasis, pulmonary edema, pneumonia, and may lead to reintubation [1, 3, 4, 18] . These complications can be particularly detrimental in patients who have undergone thoracic surgery, as these patients have reduced lung function due to chronic obstructive pulmonary disease and lung cancer. Other potential complications related to high dose opioids include an increased risk of deep vein thrombosis, gastrointestinal, infectious, and urinary complications [19] . Furthermore, studies have shown that high dose opioids can increase the risk of recurrence of certain types of cancer which has been attributed to the immunosuppressive effects of opioids [20, 21] . Concerningly, high dose opioids have been linked with opioid overdose death in acute and chronic pain. Patients prescribed more than 100 OMEQs/day for acute and postsurgical pain were 6.6 times more likely to die of opioid overdose than those who were prescribed less than 20 OMEQs/day [22, 23] .
The literature is heterogeneous on whether preoperative gabapentin has sedating or antiemetic effects [6, 8, 16, 24] . However, in this study patients had a similar requirement for rescue antiemetics in the first 24 hours and there were no statistically significant differences in the PACU Aldrete scores between the study groups to suggest increased sedation.
Our study has several limitations. Firstly, this is a retrospective study without the ability to control unknown confounding factors, including which patients received acetaminophen and gabapentin. At our institution several of our anesthesiologists have adopted the practice of administering preoperative acetaminophen and gabapentin, while other anesthesiologists have not. Similarly, other variables in the anesthetic care cannot be controlled without a randomized control trial. Another important limitation of the study is that the overall opioid consumption data showed a large degree of variation between patients as well as a positive skew (Table 3) . Due to the fact that the distribution of opioid consumption is nonparametric and that a few patients utilized large doses of opioids which skewed the mean, we compared the medians (using the Wilcoxon rank sum test) as a statistically more robust approach than comparing the means. However, in our study the comparison of the median opioid consumption between the two groups did not reach statistical significance. Additionally, opioid consumption has large interpersonal variability, which increases the required sample size for a study to be adequately powered.
In conclusion, our study showed that VATS lobectomy patients administered preoperative gabapentin and acetaminophen had a reduced incidence of high dose postoperative opioid consumption, an important goal towards reducing morbidity and mortality. No adverse effects, such as increased sedation, were observed with this combination. These findings provide further support for multimodal analgesic regimens to combat the complex pain syndromes following VATS procedures. Additional studies to further validate these results and improve our understanding of perioperative analgesia for VATS procedures are warranted.
